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Abstract 
The paper consist the detail design of clamp cylinder for 1000 ton injection molding machine with topology optimization. The design is 
carried out based on calculated diameter and thickness. Modeling and FEA is carried out for newly designed 1000T clamp cylinder and to 
be verified with theoretical calculation and acceptance criteria. The topology optimization of clamp cylinder is also carried out using CAE 
tools to reduce weight with the constraints of standard operating condition. The new optimized design of configuration is proposed.FEA 
of optimized cylinder is also carried out and compared with acceptance criterion. The optimized model is equally strong and light in 
weight compared to existing model.  
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Institute of Technology Nirma 
University, Ahmedabad. 
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1. Introduction 
The clamp cylinder is mounted to a support yoke underneath the toggle mechanism. It is this cylinder that causes the 
mould to open and close. When the clamp is closing, the cylinder rod pushes the cross-head upward, which causes the 
toggle mechanism to extend. When the clamp is opening, the cylinder rod pulls the cross-head downward, which causes the 
moving platen to pull away from the stationary platen. To see CAD model of clamp cylinder as shown in Figure1. Then 
static structural analysis is done using standard operating conditions. For topology optimization of clamp cylinder optistruct 
solver of Hyper-works is used.  For this maximum deformation of clamp cylinder as design constraints and mass as 
objective is used.  Based on topology optimization result, original design is modified and validated using CAE tools which 
are equally strong and withstand the constraints of the operation conditions. 
2. Finite Element Analysis 
For evaluating the performance regarding the strength point of view, Finite Element Analysis method has been used. As 
the area of the concern is about the design of the clamp cylinder that part only has been taken in consideration for Finite 
Element Analysis. The CAD model of the clamp cylinder configuration was prepared and analyzed the same using CAE 
Software package ANSYS. The same was meshed using SOLID 187 element. As the element is a tetrahedron element, it 
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can map the intricate solid geometry reasonably with good accuracy. The displacement and force boundary conditions are 
applied and stress and displacement fields obtained using finite element analysis software. The constraints and loading 
conditions for clamp cylinder are shown in Fig. 2. The deformation and maximum principle stress plots for clamp cylinder 
are shown in Fig. 3 and Fig. 4 respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 CAD Model of Clamp Cylinder 
From the plots of the maximum principle stress and deformation for the clamp cylinder, it can be seen that 
Maximum principle stress: 117.90 MPa  
Total Deformation: 0.75502 mm  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Boundary Conditions on models 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Total deformation of clamp cylinder 
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Fig. 4 Maximum Principle stress distribution in clamp cylinder 
The FE analysis shows the maximum principle stress is maximum near the fillet sharp radius because of geometry is 
constrained near this region. 
 
3. Topology Optimization of Clamp Cylinder 
Topology optimization is a mathematical approach which optimizes the material layout within a given design space, 
under given set of loading and boundary condition. As observed from the FE result of the existing design of the Clamp 
Cylinder some of the material within the design space is participating the least for bearing the existing inertial load (i.e. the 
region shown in blue color or the least value), there is possibility to optimize the mass distribution within the prescribed 
design space boundaries. 
For the purpose of optimization, material is taken homogenous, iso-tropic, linear and temperature independent. The solid 
model is meshed using Hyper-Mesh with second order solid element 10 node tetras, and Opti-Struct is used to obtain the 
optimal material distribution. Meshed model with constraint and loads of the clamp cylinder is shown in figure 5. 
 
 
Fig.5 Mesh model with constraint and loads of clamp cylinder 
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Fig.6 Density Distribution in Clamp Cylinder  (1st Iteration) 
 
 
 
 
 
 
Fig.7 Density Distribution in Clamp Cylinder  (After 14th Iteration) 
 
Fourteen iterations were required to solve the optimization problem. Fig. 7 shows density distribution of clamp cylinder 
after the fourteenth iteration. The material in blue color shows the material participating least in taking the inertia load, 
hence the possibility of reducing the weight of the clamp cylinder. 
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4.  Modification Based On Optimization Result 
 The topology optimization results for the clamp cylinder shows that there is a scope for modification of the design at the 
clamp cylinder. From the result of topology optimization, geometry modifications have been done to alter the original 
geometry. Considering the various manufacturing aspects for the clamp cylinder final topology is prepared in the CAD 
software is shown in fig. 8. 
Table I - Modification in original geometry of Clamp Cylinder 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.8 Difference between Existing and Modified model of Clamp Cylinder 
The modified design is evaluated using FE analysis. The boundary conditions applied to the modified design is same as that 
to the original model. The FE Results are obtained for stress profile and displacement patterns. (Refer Fig. 9 &10) 
 
Fig.9 Total Deformation plot (Modified Design) 
Modification         Description  
      1  Size of base pad is reduced  
      2   Change in Pockets  thickness  
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Fig.10 Maximum Principle stress plot (Modified Design) 
 
From the plots of the maximum principle stress and deformation for the modified design of clamp cylinder, it can be seen 
that 
Maximum principle stress: 119.61 Mpa     
Total Deformation: 0.75887 mm 
5.  Results And Discussion 
Comparison of the FE analysis results of the original design and the modified design of the clamp cylinder is shown in the 
table II. 
 TABLE II 
 
 
 
 
 
 
 
 
 
 
 
 
 From the comparison, it can be seen that after modify the topology of the clamp cylinder the maximum principle stresses 
and the total deformation within the permissible limits, but substantial reduction of the material hence weight have been 
obtained. Hence the purpose of the topology optimization serves. 
 
6. Conclusion 
The Clamp Cylinder is analyzed for operating condition using conventional finite element software (ANSYS) and 
stresses and deformation are obtained within acceptance criteria. The topology optimization of the component is carried out 
Case  Existing 
Model  
Optimized 
Model  
Total 
Deformation 
0.75502 mm  0.75887 mm 
Maximum 
Principle 
Stress  
117.90 Mpa  119.61 Mpa  
Case  Existing 
Model 
Weight (Kg)  
Optimized 
Model 
Weight (kg)  
Casting 
Model  
12733.00  12670.70  
Machining 
Model  
12193.19  12130.45  
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and substantial reduction in weight about 70 kg is obtained and also obtained stress and deformation within acceptance 
criteria.  
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